Introduction: Inverted papillomas are relatively rare, benign epithelial tumours of the nasal cavity which generate considerable interest because they are locally aggressive, have a tendency to recur and are associated with malignancy.
Introduction
Inverted papillomas most commonly arise from the lateral wall of the nasal cavity, with local extension to the paranasal sinuses which may extend to the nasopharynx. More rarely, they may traverse the cribriform plate or orbit, particularly if they are associated with malignancy. Infrequently, they arise from the nasal septum, 1 although the histology of these lesions warrants a critical analysis as to whether they are truly inverted or not. The term inverted papilloma describes the histological appearance of the epithelium as inverting into the stroma, with a distinct and intact basement membrane that separates and defines the epithelial component from the underlying connective tissue stroma. 2 The tumour may also be associated with atypia, dysplasia and carcinoma in situ, as well as with frank squamous cell carcinoma. An inverted papilloma with synchronous carcinoma occurs when there is no history of a previously resected papilloma. The carcinoma may arise from the papilloma itself or it may be found as a separate lesion. 3 An inverted papilloma with metachronous carcinoma develops at the site of a previously benign inverted papilloma. The numerous publications on inverted papilloma differ widely in their reported incidence of associated carcinoma, which ranges from 0 4 to 53 per cent. 5 Most surgeons agree that recurrence is the result of either incomplete removal of the original tumour or disease developing from predisposed mucosa, both of which occur more often with limited resections. 6 Recurrence rates of up to 71 per cent have been reported following conservative surgery (polypectomy, Caldwell -Luc or local excision). 7 Historically, the 'gold standard' has been an external approach with a medial maxillectomy via a lateral rhinotomy or midfacial degloving procedure. 6, 8 This accomplishes several goals, including: providing a specimen to rule out synchronous malignancy; reducing the recurrence rate and the need for repeat procedures; and reducing the possibility of progression to a metachronous malignancy. Vrabec (1994) 6 reported a recurrence rate of only 2 per cent after lateral rhinotomy with a modified Weber-Ferguson incision, with a mean follow up of 8.9 years. Recently, however, endoscopic resection has been increasingly favoured because it obviates the morbidity of an external approach. 9 Endoscopes have made complete endonasal tumour resection possible, even in unfavourable sites such as the anterior wall of the maxillary sinus. Alternatively, some surgeons have combined the endonasal operation with an external procedure. 10 Tomenzoli et al. (2004) 11 described no recurrences in their series of 47 inverted papillomas treated endoscopically, with a mean follow up of 55 months.
The aim of this study was to review our management of inverted papillomas, particularly with regard to the outcomes of different surgical techniques. In addition, we assessed our recurrence rates, as well as the incidences of synchronous and metachronous malignancy. We also reviewed the world literature, critically analysing these features.
Methods
We retrospectively reviewed all cases of inverted papilloma which presented to the University Hospital, Nottingham (a tertiary referral centre), over a 20-year period from 1985 to 2005. In particular, we assessed the demographics, management, surgical technique and outcome, including recurrence and association with malignancy.
A Medline review of the literature was performed to identify case series of inverted papillomas published from 1966 onwards. When a single centre had generated more than one case series from overlapping time frames, data from the most recent series were used.
The pathological criteria for inverted papilloma became standardised in 1975. It has been suggested that reports of malignancy arising in inverted papilloma prior to this should be reviewed with caution, 12 and we considered the implication of this in our case selection. Schneiderian papillomas can be classified into inverted, fungiform or cylindrical cell variant. The inverted type tends to be associated with local invasion and carcinoma. 13 We critically analysed the literature to try to differentiate synchronous from metachronous carcinomas.
Results
Between 1985 and 2005, we managed 65 patients with inverted papilloma. Patients comprised 53 men and 12 women, with a mean age of 50 years and an age range of 17 -76 years. The mean follow up was five years, with a range of one to 20 years. Fifty-eight cases of inverted papilloma arose from the lateral nasal wall; all 58 underwent simple polypectomy, with histological analysis showing inverted papilloma. Eight cases had disease extending into the frontal sinus, and four cases featured very extensive disease that was bilateral. Interestingly, 37 cases of nasal septal lesions were reported as having some inverted papilloma features on histological analysis; however, on review, only seven were true inverted papillomas, whilst the rest were transitional papillomas that were so profuse in part and rolled upon themselves that they had been misinterpreted as inverted.
The results of surgical management are shown in Table I . In the endoscopic group, 15 patients had undergone more than one previous nasal polypectomy and one patient had undergone a previous lateral rhinotomy. In the lateral rhinotomy group, three patients had previously undergone more than one nasal polypectomy. The majority of previous procedures were performed at other institutions and are summarised in Table II. Of the 65 patients with inverted papilloma, seven (11 per cent) were found to have synchronous squamous cell carcinomas. Six of these underwent a lateral rhinotomy with medial maxillectomy as well as post-operative radiotherapy; four remained disease free after follow up for, variously, one year (this patient also underwent a concurrent craniofacial approach) and six, nine and 16 years. One patient had a local recurrence after four years and one patient died of intracranial involvement after two years. The seventh patient with a carcinoma had disease that involved the septum, which was locally excised with no subsequent radiotherapy and no recurrence after a seven-year follow up.
There were two cases of metachronous carcinoma in our series. One patient had undergone an original nasal polypectomy 22 years previously, showing inverted papilloma, and had then undergone three further polypectomies and an intranasal ethmoidectomy. Thirteen years later, the patient had presented to us with carcinoma, for which he underwent a lateral rhinotomy, medial maxillectomy and subsequent radiotherapy. He showed no signs of recurrence after six years.
The second patient with a metachronous carcinoma had undergone two intranasal polypectomies 10 and 9 years earlier for inverted papilloma. Three years after undergoing an endoscopic medial maxillectomy, this unfortunate 36-year-old woman presented to us with an infiltrating carcinoma that extended into the soft tissues of the nasal vestibule and upper lip as well as having bilateral neck metastases. She was advised to undergo chemoradiotherapy but elected to have primary surgery elsewhere.
Of the cases treated by us from first presentation, none went on to develop a metachronous malignancy.
Two patients had carcinoma in situ; both were treated by lateral rhinotomy and neither had any recurrence, after three years and six years. Two patients had moderate or severe dysplasia; one was treated by lateral rhinotomy, with no recurrence after 11 years, and the other underwent endoscopic sinus surgery, with no recurrence after one year.
Literature review
Sixty-three case series suitable for analysis were identified from the literature. Table III summarises the data. There was a total of 3058 cases. Eleven series found atypia, in a total of 88 cases out of 958. Nine series noted dysplasia, in 56 cases out of 454. Nine series found carcinoma in situ, in 14 cases out of 414. There were 163 (7.1 per cent) cases of synchronous carcinoma out of 2297 cases, the vast majority being squamous cell carcinomas. There were also cases of transitional cell carcinoma, adenocarcinoma, mucoepidermoid carcinoma and verrucous carcinoma. Metachronous carcinomas were reported in 75 cases out of 2047, representing a malignant transformation rate of 3.6 per cent. A number of series were vague about whether a carcinoma was synchronous or metachronous and these series were therefore excluded. Follow-up periods were variable, and in some series (particularly histopathological studies) were not detailed.
A total of 484 endoscopic procedures were performed, with 62 recurrences (12.8 per cent). There were 1025 external procedures involving a medial maxillectomy, with 174 recurrences (17.0 per cent). There were 600 limited transnasal procedures (such as a local resection, nasal polypectomy or Caldwell -Luc procedure), with 205 recurrences (34.2 per cent).
In the atypia group, 23 out of 55 cases suffered recurrence, but 13 of these occurred in a single series of 16 patients. 14 Vrabec 6 detailed 17 patients with atypia who all underwent medial maxillectomy via a lateral rhinotomy, with only one recurrence (which was successfully cleared by a repeat lateral rhinotomy). Just one case of atypia in the literature was found to go on to develop carcinoma. 15 In all the series examined, there were very few details given for cases with dysplasia. As far as we could tell, no carcinomas were clearly reported as developing from a case of dysplasia. For synchronous carcinomas, outcomes were only reported in 73 patients, of whom 28 (38 per cent) died of their disease. The time to death was given in 19 cases, with a mean of 26 months (range three to 120 months). Six cases died of an unrelated disease, and in 39 cases there were no signs of recurrence. The follow-up period in those who were disease free was reported in 25 cases, with a mean of 18 months (range zero to 180 months).
The outcomes of metachronous carcinomas were only given in 20 cases. Eight cases died of their disease. In seven cases, the time period to death was given, with a mean of 45 months (range 12-96 months). No signs of recurrence were reported in 12 cases. Ten of these had a reported follow-up period, with a mean of 65 months (range 12-120 months). The time to carcinoma development (i.e. the time from first presentation of the inverted papilloma to subsequent malignant transformation) was given in 20 cases, with a mean of 52 months (range six to 180 months). In seven cases of metachronous carcinoma, the cancer was reported to occur in the first recurrence after definitive treatment of the inverted papilloma. However, in nine cases of metachronous carcinoma, at least one recurrence of the inverted papilloma was reported before development of the carcinoma.
Discussion

Recurrence
Reported recurrence rates of inverted papilloma vary widely, ranging from 0 to 78 per cent. 9 Recurrence of inverted papilloma may depend on a number of factors, including tumour location, extent, histology, multicentricity, method of removal, primary versus secondary resection, follow up and biological variability of the tumour. Of the aforementioned, the main factor in tumour recurrence is the thoroughness of removal. 1 Most recurrences are thought to develop because of inadequate resection at the site of origin. 16 Bielamowicz et al. (1993) 7 found a statistically significant difference in the recurrence rates of patients treated with a medial maxillectomy (20 per cent) compared with those treated with a conservative resection (47 per cent). This is borne out both in our personal experience and in our literature review, with limited transnasal procedures having a higher recurrence rate. The endoscopic sinus approach had a lower recurrence rate than the medial maxillectomy resection, but this most probably related to case selection. The completeness of removal appears to be the key aspect, not the approach. Recurrence occurring despite radical resection may be explained by the multicentric nature of the papilloma. 10 Human papilloma virus has been implicated in causing inverted papilloma, and its deoxyribonucleic acid has been found in both the inverted papilloma and the cells of neighbouring, apparently normal mucosa. 6 Removing a certain amount of the neighbouring, apparently normal, predisposed mucosa may be required to reduce the rate of recurrence. 17 The more advanced the tumour, the greater the risk of recurrence. 10, 18 Once an inverted papilloma has recurred, the risk of subsequent recurrence increases to up to 58 per cent. 13 
Atypia
In the series of Snyder and Perzin (1972), 14 of 10 patients with marked atypia in areas of papillomatosis, five also demonstrated carcinoma elsewhere. These authors advocated a careful search for carcinoma in cases in which atypia is found. Previous studies have suggested that features of atypia may predispose to recurrence. 14, 19 However, more recent studies showed no correlation between the degree of atypia, or the mitotic index, and recurrence or transformation into carcinoma. 13, 20 Dysplasia In a series featuring 23 cases of dysplasia, there was no apparent relationship between increased dysplasia and recurrence, although follow-up information was limited. 21 Our review of the literature showed limited data, with no strong correlation between dysplasia and subsequent recurrence or malignant transformation. We therefore feel that inverted papilloma with atypia or dysplasia should be treated in the same way as benign disease.
Carcinoma in situ
The outcomes of 11 cases of carcinoma in situ were reported in the literature. There were no obvious recurrences, but three cases subsequently developed a carcinoma, with one patient dying after one year from metastases. 22 Such patients should therefore be closely followed up.
Synchronous carcinoma
All submitted tissue should be serially sectioned and thoroughly searched for coexisting carcinoma. 5 Our synchronous carcinoma rate of 11 per cent was similar to the overall rate of 7.1 per cent reported in the literature. Therefore, unilateral, apparently benign nasal polyps that may be inverted papillomas must be taken seriously. Inverted papillomas with synchronous carcinoma appear to arise at a later mean age than do their benign counterparts, tending to appear at 60 rather than 50 years of age. 7 A study comparing the five-year survival rates of patients with sinonasal squamous cell carcinoma with and without inverted papilloma found respective rates of 70 and 30 per cent; this difference was statistically significant. 23 Therefore, carcinoma associated with inverted papilloma carried a better prognosis. In our review of the literature, 28 (38 per cent) patients out of 73 died of their disease. Bone destruction may be associated with a poor prognosis. 24 In general, treatment consisted of radical surgery with post-operative radiotherapy. 6, 24 . This paper includes a retrospective review of 65 cases of inverted papilloma presenting to a UK tertiary referral centre over a 20-year period (1985 -2005 
Metachronous carcinoma
Reported studies are often from tertiary referral centres, which attract problematic, recurrent and extensive cases and which therefore probably overestimate the true incidence of metachronous carcinoma in cases of inverted papillomas. 25 The metachronous carcinoma rate of 3.6 per cent, from our review of the literature, may also be higher than the true value. Our series featured two metachronous carcinoma cases, but these were referred from other units after they had received surgery. None of our cases treated from first presentation went on to develop carcinoma. Many of the published series may feature metachronous cases with a similar background. On the other hand, relatively short follow-up periods may underestimate the incidence of metachronous malignancy. Jardine et al.
(2000) 26 reported 89 cases of inverted papilloma outside a tertiary referral centre, with a mean follow up of five years, but observed no metachronous carcinomas. Efforts to predict which cases of inverted papilloma will ultimately undergo malignant transformation have generally been unsuccessful. 8 Hyams (1971) 15 found no correlation between the interval or the number of recurrences in the development of a malignancy. In a pathological study that included two metachronous carcinomas, Nielsen et al. (1991) 27 found that malignancy was associated with: bilateral inverted papilloma, a predominance of mature squamous epithelium, the presence of all three epithelial types (metaplastic squamous, mature squamous and cylindrical), severe hyperkeratosis, a mitotic index of two or more per high power field, absence of inflammatory polyps, an abundance of plasma cells, and an absence of neutrophils. Hyams 15 found that the chances of a malignancy developing in a recurrent inverted papilloma were less than 3 -4 per cent.
The lack of detail in the literature prevents an accurate estimation, but a crude calculation can be performed. In the literature, in all the series giving a total of recurrences, there were 441 recurrences and 48 metachronous carcinomas. It may be calculated that 48 metachronous carcinomas occurred out of 441 recurrent inverted papillomas; it may therefore be estimated that 11 per cent (48/441) of recurrent papillomas subsequently develop into a metachronous carcinoma. This is likely to be an overestimation, for the reasons mentioned above, and also because a proportion of metachronous malignancies will arise at the first recurrence rather than after a recurrence or recurrences of benign disease. Recurrent disease, in particular, should be treated with drilling of the underlying bone to make the complete removal of all diseased mucosa more likely.
Follow up
Most recurrences occur within the first two years after surgery, but 17 per cent can occur after more than five years, including 6 per cent after 10 years. 20 Inverted papillomas can recur after an apparent remission of many years, and recurrences can progress without significant symptoms, such that the disease may be advanced before patients seek attention. Some authors advocate a follow up of at least five years. 10, 28 However, in view of the possibility of late recurrence, and a mean time to the development of carcinoma of 52 months (range six to 180 months), life-long follow up (as advocated by some) 20,29 may be appropriate.
Conclusion
Based on careful scrutiny of the literature, the rates of synchronous and metachronous carcinomatous transformation of inverted papilloma are 7.1 and 3.6 per cent, respectively, although rates may be exaggerated due to a referral bias to tertiary centres. When complete resection is possible, patients should undergo thorough removal of all diseased mucosa, via the endoscopic endonasal route, together with thorough histological examination of all the resected specimen. Cases featuring atypia or dysplasia may also be treated by the endoscopic route. We estimate that up to 11 per cent of recurrent inverted papillomas may undergo malignant transformation. Recurrent disease and metachronous carcinoma can develop after a prolonged period of time and this can become extensive before becoming symptomatic. Life-long follow up is recommended.
